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Edited by Shou-Wei DingAbstract We report for the ﬁrst time the identiﬁcation of 25
microRNAs from tissues originating from chicken embryo and
adult chicken. Most of the cloned microRNAs are expressed in
both adult chickens and chicken embryos. Fourteen were identi-
ﬁed without any prior prediction. One microRNA, miR-757, is
thought to be chicken-speciﬁc. Three of the microRNAs appear
to be extremely tissue speciﬁc.
 2006 Federation of European Biochemical Societies. Published
by Elsevier B.V. All rights reserved.
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MicroRNAs (miRNAs) are a large class of endogenous non-
coding RNAs of about 21-nucleotides long. At present, hun-
dreds of miRNAs have been cloned or predicted in various
organisms, including humans, mice, zebra ﬁsh, viruses, ﬂies,
worms and plants [1–13].
MicroRNAs regulate gene expression post-transcriptionally.
The precise molecular mechanisms that underlie this post-tran-
scriptional repression by miRNAs are still unknown. In ani-
mals, most miRNAs repress the translational expression of
genes by binding partially complementary sites in 3 0 UTRs
[14]. However, in plants, miRNAs direct the cleavage of their
target mRNAs by binding complementary or near-perfect
complementary sites within the transcribed regions [15].
Chickens (Gallus gallus) are a global food source and an
important model organism to study bird development. The
draft of chicken genome sequence represents approximately
91% coverage of the full genome [16]. Researchers have pre-Abbreviations: miRNA, microRNA; nt, nucleotide; Chr, Chromo-
some; Un, Unknown; age, Ateles geoﬀroyi; dre, Danio rerio; fru, Fugu
rubripes; ggo, Gorilla gorilla; hsa, Homo sapiens; lla, Lagothrix lagot-
richa; mne, Macaca nemestrina; mml, Macaca mulatta; mmu, Mus
musculus; ppa, Pan paniscus; ppy, Pongo pygmaeus; ptr, Pan troglo-
dytes; rno, Rattus norvegicus; sla, Saguinus labiatus; ssc, Sus scrofa; tni,
Tetraodon nigroviridis; cel, cerebellum; cer, cerebrum; ht, heart; lg,
lung; lv, liver; kd, kidney; sp, spleen; 3 0UTR, 30 untranslated region;
GO, gene ontology
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doi:10.1016/j.febslet.2006.05.044dicted some chicken miRNA sequences using bioinformatics
methods [17], yet none have so far been conﬁrmed experimen-
tally. As a result, scientists cannot rely on the veracity of these
predicted chicken miRNA sequences. Our aim in this study
was to identify chicken miRNAs and to proﬁle their expression
in chickens.2. Materials and methods
2.1. Low-molecular-weight RNA preparation and cloning of microRNAs
Low molecular weight RNAs, <200 nucleotides, were isolated from
diﬀerent tissues of White Leghorn seven-month-old adult female chick-
ens and 18-day chicken embryos using the mirVana miRNA Isolation
Kit (Ambion, US) according to the manufacturer’s instructions. Small
RNAs from 18 to 26 nucleotides were size-fractionated, puriﬁed, and
ligated sequentially to 3 0 and 5 0 RNA/DNA chimeric oligonucleotide
adapters (5 0 ATCGTAGGCACcugaaa 3 0 and 5 0 (P) cuguaGGCAC-
CATCAA (DMT-O-C3-CPG 3 0), lowercase RNA). Reverse transcrip-
tion was performed after ligation with the adapters, followed by PCR
ampliﬁcation (5 0primer:ATCGTAGGCACCTGAAA, 3 0primer: ATT-
GATGGTGCCTACAG). The PCR products were cloned into T-Vec-
tor (TAKARA, Japan) and transformed into competent cells. The
recombinant plasmid carrying fragments were isolated from individual
colonies and sequenced.
2.2. Northern blot analysis
Total RNA was individually isolated from diﬀerent tissues of adult
chickens and chicken embryos using TRIzol (Invitrogen, US). 20 lg of
total RNA was fractionated using a denaturing 15% polyacryamide-
8 mol/L urea gel. The RNA contained within the gel was then trans-
ferred to GeneScreen Plus membrane (Perkin–Elmer, US). The 5 0 ends
of the DNA probes were labeled with [32P] ATP (Amersham, US)
using T4 polynucleotide kinase (New England Biolabs, US). Hybrid-
ization and washing were performed as previously described [19]. Sig-
nal from the membrane was detected using a Phosphor Screen
(Molecular Dynamics, US).
2.3. Sequence analysis and prediction of secondary structures of
pre-microRNA
All cloned sequences longer than 16 nucleotides were searched in the
miRBase (http://microrna.sanger.ac.uk/sequences/index.shtml, [18])
database and UCSC genome sequence database (http://genome.ucsc.
edu/cgi-bin/hgBlat). The secondary structures of miRNAs were pre-
dicted using mfold 3.2 (http://www.bioinfo.rpi.edu/applications/mfold/
old/rna/).
2.4. Prediction of miRNA targets
The miRanda algorithm (version 1.0 b; [20]) was used to scan miR-
NA sequences against chicken 3 0 UTR sequences (http://www.ba.itb.
cnr.it/UTR/). The gap-open and gap-elongation parameters were set
to 8.0 and 2.0, respectively. Gene ontology (GO) (molecular function
hierarchy) mappings [21] for all chicken genes were performed, in order
to analyze the functional enrichment.blished by Elsevier B.V. All rights reserved.
Table 1
Chicken miRNA sequence identiﬁed from diﬀerent tissues
miRNA Size Chr Loci Sequence (50–3 0) Predicted sequence (50–3 0) RNA blot Conserved in other animal
gga-miR-15a 21 1 Intergenic UAGCAGCACAUAAUGGUUUGU UAGCAGCACAUAAUGGUUUGUG + age, hsa, ppa, ssc, mml, mne, ptr, mmu, ggo, ppy, rno, dre,
fru, tni,
gga-miR-21 22 19 Intergenic UAGCUUAUCAGACUGAUGUUGA a + age, hsa, ppa, ssc, mml, mne, ptr, mmu, ggo, ppy, rno, dre,
fru, tni, cel
gga-miR-30b 22 2 Intergenic UGUAAACAUCCUACACUCAGCU UGUAAACAUCCUACACUCAGCU + ppa, lla, mne, ptr, age, ggo, mml, hsa, dre, fru, rno, tni,
mmu,
gga-miR-30c 24 3, 23 Intergenic,
intron
UGUAAACAUCCUACACUCUCAGCU UGUAAACAUCCUACACUCUCAGC + rno, hsa, mne, mmu, ptr, ssc, lla, tni, fru
gga-miR-30e 19 23 Intron UGUAAACAUCCUUGACUGG UGUAAACAUCCUUGACUGGA  rno, hsa, mmu, dre,
gga-miR-122a 23 Un Intergenic UGGAGUGUGACAAUGGUGUUUGU UGGAGUGUGACAAUGGUGUUUGU + ssc, hsa, mmu, rno, fru, tni, dre
gga-miR-126-3p 22 17 Intron CGUACCGUGAGUAAUAAUGCGC UCGUACCGUGAGUAAUAAUGC + mmu, hsa, rno, dre, fru, tni
gga-miR-126-5p 21 17 Intron CAUUAUUACUUUUGGUACGCG CAUUAUUACUUUUGGUACGCG + mmu, hsa, rno, dre, fru, tni
gga-miR-128 21 7, 2 Intron UCACAGUGAACCGGUCUCUUU UCACAGUGAACCGGUCUCUUUU + hsa, mmu, rno, dre, ssc, mml, ptr, ppy, sla, age, ppa, fru,
tni
gga-miR-132 22 Un UAACAGUCUACAGCCAUGGUCA b + hsa, rno, dre, fru, tni
gga-miR-140-3p 21 11 Intron CCACAGGGUAGAACCACGGAC UACCACAGGGUAGAACCACGGA + mmu, hsa, rno, dre, ssc, ptr, mne, fru, tni
gga-miR-142-3P 22 Un Intergenic UGUAGUGUUUCCUACUUUAUGG UGUAGUGUUUCCUACUUUAUGGA  mmu, hsa, rno, dre, fru, tni
gga-miR-142-5p 22 Un Intergenic CCCAUAAAGUAGAAAGCACUAC CAUAAAGUAGAAAGCACUAC + mmu, hsa, rno, dre, fru, tni
gga-miR-143 21 Un UGAGAUGAAGCACUGUAGCUC b + mmu, rno, dre, ptr, ggo, ppy, lla, ppa
gga-miR-144 22 19 Intergenic CUACAGUAUAGAUGAUGUACUC a + hsa, rno, dre, ptr, ppy, mne, ppa,fru, tni
gga-miR-145 22 Un GUCCAGUUUUCCCAGGAAUCCC b + hsa, rno, dre, ssc, mml, ptr, ggo, ppy, mne
gga-miR-146b-3p 20 6 Intergenic CCCUAUGGAUUCAGUUCUGC c  hsa, rno, dre
gga-miR-199-5p 23 8, 17 Intron CCCAGUGUUCAGACUACCUGUUC CCCAGUGUUCAGACUACCUGUUC + mmu, rno, dre, hsa, ggo, ppa, ppy, ptr, mml, sla, lla, mne,
fru, tni,
gga-miR-199-3p 20 8, 17 Intron UACAGUAGUCUGCACAUUGG a + mmu, rno, dre, hsa, ggo, ppa, ppy, ptr, mml, sla, lla, mne,
fru, tni,
gga-miR-210 21 Un CUGUGCGUGUGACAGCGGCUA b + hsa, rno, dre, mmu, fru
gga-miR-338 24 Un UCCAGCAUCAGUGAUUUUGUUGU b + hsa, rno, dre, tni, fru
gga-miR-451 18 19 Intergenic AAACCGUUACCAUUACUGAGUUU a + hsa, rno, dre
gga-miR-456 22 3 Intron CAGGCUGGUUAGAUGGUUGUCA a + dre
gga-miR-460-5p 22 2 Intergenic CCUGCAUUGUACACACUGUGUG a  dre, tni
gga-miR-757 21 2, 2, Un Intron, intron,
intergenic
GCAGAGCUGCAGAUGGGAUUC c + –
aThere is not this kind of chicken predicted miRNA sequence in miRBase. But there is homologous sequence in other species. This sequence could be found in UCSC genome sequence database, and its
secondary structure was predicted.
bThere is not this kind of chicken predicted miRNA sequence in miRBase. But there is homologous sequence in other species. This sequence could not be found in UCSC genome sequence database.
cThere is not this kind of miRNA sequence in miRBase. But this sequence was found in UCSC genome sequence database, and its secondary structure was predicted.
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3.1. Cloning microRNAs from diﬀerent chicken tissues
To identify the miRNAs expressed in chicken embryos and
adult chickens, fourteen independent cDNA libraries were gen-
erated based on small RNAs in the size range of 18–26 nucle-
otides, from the tissues of cerebrum, cerebellum, heart, lung,
liver, kidney and spleen of chicken embryos and adult chick-
ens. About 2000 clones were sequenced (approximately half
of total clones), of which about 800 small cDNA sequences
were between 18 and 26 nucleotides in length. The remain-
ing sequences were either shorter fragments or self-ligated
adapters.
Altogether, we cloned 25 chicken miRNAs (Tables 1 and 2),
of which 14 had not been previously identiﬁed in chicken. Nine
of the 14 miRNAs (miR-21, miR-126-5p, miR-144, miR-146 b-
3p, miR-199-3p, miR-451, miR-456, miR-460-5p and miR-
757) were found in the UCSC database. In Fig. 1, we conﬁrm
that the ﬂanking sequences can form the typical hairpin pre-
cursor structure. The other 5 miRNAs (miR-132, miR-143,
miR-145, miR-210 and miR-338) could not be located in
chicken genome, likely because of the incomplete sequence
coverage of the genome. However, homologous sequences
have been identiﬁed in other species. Thirteen of the 14 miR-
NAs were conserved in other species. miR-757 could not be
found in the miRBase. In the UCSC genome database, miR-
757 gene could be found only in chicken genome sequence
database, not in any other. This suggests that miR-757 might
be chicken speciﬁc. miR-757 gene has 3 copies, two of which
are located on chromosome 2 (Table 1). These two precursors
of miR-757 have the same sequences and therefore the same
stem–loop structure. We could not identify the chromosomal
location of the third, which contains one more nucleotide in
the precursor when compared to the other two.Table 2
Clone number of miRNA from diﬀerent tissues of adult chicken and chicke
miRNA Number of clone in the adult tissue
cel cer ht lg lv kd
gga-miR-15a – – 2 4 – –
gga-miR-21 – – – 4 – –
gga-miR-30b 1 1 5 1 1 1
gga-miR-30c 2 1 5 – – –
gga-miR-30e – 3 – 9 – –
gga-miR-122a – – – – 40 –
gga-miR-126-3p – 2 8 8 5 –
gga-miR-126-5p – 2 – 3 – –
gga-miR-128 2 7 – – – –
gga-miR-132 – 4 – – – –
gga-miR-140-3p – – 5 3 2 –
gga-miR-142-3p – – – – 7 –
gga-miR-142-5p – – – – 3 –
gga-miR-143 – – – – 7 –
gga-miR-144 – – 8 – – –
gga-miR-145 – – 7 – 6 –
gga-miR-146b-3p – – 1 – – –
gga-miR-199-3p – – 6 – 2 –
gga-miR-199-5p – – 4 – 3 –
gga-miR-210 – – – – 6 –
gga-miR-338 3 8 – – – –
gga-miR-451 – – 3 – 7 –
gga-miR-456 – 7 – – – –
gga-miR-460-5p – – – – 3 –
gga-miR-757 – – – – – –The remaining 11 miRNA sequences were previously pre-
dicted to exist in chicken, but only 3 of the 11 miRNAs
(miR-30b, miR-122a and miR-199-5p) exactly matched the
predicted miRNA sequence. The other 8 miRNAs diﬀered
from predicted miRNA sequences at their ends (Table 1).
For example, miR-30c has a more uridine than it is predicted
in its 3 0 end.
3.2. Expression patterns of microRNAs in chicken
To examine the expression patterns of cloned miRNAs, a
Northern blot was performed (Fig. 2). Altogether, 21 miRNAs
were detected by Northern blot, miR-142-3p, mir-460-5p,
miR-146b-3p and miR-30e were not detected.
From the results of Northern blot, we determined the
expression proﬁle of cloned miRNAs in chicken. It should be
noted that 3 of these miRNAs appear to be extremely tissue
speciﬁc: miR-122a is only expressed in liver, miR-132 is only
expressed in cerebrum and miR-338 is only expressed in the
cerebrum and cerebellum. The expression levels of other miR-
NAs vary in diﬀerent tissues. The expression levels of miR-142-
5p and miR-21 are strong in spleen but relatively weak in the
tissues of cerebellum, brain, heart, lung, liver and kidney. The
expression levels of miR-15a and miR-144 are strong in lung
while weak in other tissues. The expression levels of miR-451
and miR-757 are strong in heart, lung, liver, kidney and spleen,
and are weak in the brain. Six miRNAs (miR-126-3p, miR-
126-5p, miR-143, miR-199-5p, miR-199-3p, miR-210) are
expressed more strongly in the heart and lung than in other tis-
sues. The expression levels of miR-30b and miR-30c are weak
in the tissues of cerebellum, brain, lung, liver, kidney and
spleen, and strong in heart.
The expression levels of miRNAs are also diﬀerent between
in adult chicken and chicken embryo. Most of miRNA expres-
sion levels are higher in the adult tissues than in the embryon embryo
Number of clone in the embryo tissue
sp cel cer ht lg lv kd sp
– – – – – – – –
3 – – – – – – –
– – – – – 1 – –
– – – – – – – –
– – – – – – – –
– – – – – 28 –
– – – 5 8 3 – 1
– – – – 3 – –
– – 2 – – – – –
– – – – – – –
– – – 3 1 – – –
– – – – – – – –
5 – – – – – –
– – – – – 5 –
– – 1 – – – – –
– – – 5 – 2 –
– – – – – – – –
– – – 2 – 1 –
– – – 1 – – – –
– – – – – – – –
– – – – – – – –
– – – 2 – 5 1 4
– – – – – – – –
– – – – – 5 – –
– – – – 1 – – –
Fig. 1. Predicted secondary structures of miRNA precursors. The miRNA sequences are underlined. The actual size of the precursors was not
identiﬁed experimentally and may be slightly shorter or longer than represented. miR-30c, miR-128 and miR-199 have two diﬀerent predicted
precursors in genome. The predicted precursor sequences of miR-122a are the same nucleotide array. The ﬁgure shows that two of the three
precursors of miR-757 have the same stem–loop structure, and the other one has one more nucleotide in the secondary structure.
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3614 H. Xu et al. / FEBS Letters 580 (2006) 3610–3616tissues. In the chicken embryo, miR-338 is not expressed, but is
expressed in cerebrum and cerebellum of adult chicken. In the
spleen, the expression levels of miR-126-3p, miR-126-5p and
miR-140 are higher at the embryo stage. miR-757 is only de-
tected in embryo tissues. miR-456 is expressed in the embryo
tissues other than cerebellum, while it is not detected in heart,
lung, liver, kidney and spleen of adult chicken.
3.3. Prediction of miRNA targets
Using the miRanda program, we scanned chicken 3 0 UTR
sequence database for potential target sites of our identiﬁed
miRNAs (see Supplementary Material). We analyzed the dis-miR-15a
miR-21
miR-30b
miR-30c
miR-122a
miR-126-5p
miR-126-3p
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miR-132
miR-140-3p
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miR-199-3p
miR-210
miR-338
miR-451
miR-456
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Fig. 2. Expression of chicken miRNAs. Total RNA from diﬀerent
oligodeoxynucleotide complementary to the indicated miRNA. 20 lg total Rtribution of functional annotation for all targets of all miR-
NAs using GO terms. It appeared that our predicted targets
play roles not only in development but also in diverse physio-
logical processes. The most enriched GO term was ‘‘cellular
process activity’’.4. Discussion
In this study, 11 out of the 25 miRNAs that we cloned
in chicken have been previously predicted using bioinfor-
matics methods. The fact that over half of the miRNAsCe
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chicken tissues was blotted and probed with a 5 0 radiolabeled
NA was loaded on each lane and 5S rRNA served as a loading control.
Fig. 3. miRNA gene clusters. Box: the precursor structure; the
miRNA within the precursor is shown in black; the number of
chromosomal is indicated to the right.
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matics indicates that bioinformatics have a limited applica-
bility in predicting chicken miRNAs. Comparing the
sequences of these 11 cloning miRNAs with those of the
corresponding predicted miRNAs, only 3 of them matched
the predicted sequences exactly, the other 8 miRNA se-
quences diﬀer by one or two nucleotides from the corre-
sponding predicted sequences in their 5 0 or 3 0 ends.
Cloning of miRNAs in chicken resulted in the identiﬁcation
of one novel miRNA, miR-757, which could not be found
in any other species genome database. miR-140-5p and
miR-146b-5p were computationally predicted to be mature
miRNAs in chicken, but miR-140-3p and miR-146b-3p were
identiﬁed in this study. We suggest that therefore miR-140-
3p and miR-146b-3p might be mature miRNAs in chicken.
In addition, we also cloned miR-126-3p, miR-126-5p, miR-
199-3p and miR-199-5p. Our results suggest that the precur-
sors of miR-126 and miR-199 might be processed into two
mature miRNAs.
Some miRNA genes are clustered in the genome [1,22]. We
identiﬁed two miRNA gene clusters (Fig. 3). One cluster con-
sists of mir-144 and mir-451, which are separated by 114 nucle-
otides on chromosome 19. These miRNA precursors are
derived from the (+) strand of the genome. In human, mir-
144 and mir-451 are likewise clustered on chromosomal 17
[23]. The other cluster consists of mir-30c-1 and mir-30e, which
are separated by about 1127 nucleotides on chromosome 23.
These miRNA precursors are derived from the () strand of
the genome, so a single precursor transcript might be processed
to form the two diﬀerent miRNAs.
miR-122a is expressed speciﬁcally and highly abundant in
the liver, of both chicken embryos and adult chickens. Like-
wise, miR-122a is also speciﬁcally expressed in liver of mice,
zebra ﬁsh embryo and human, [8,24]. Jopling et al. reported
that miR-122 is likely to facilitate replication of the hepatitis
C RNA in human liver [25]. Krutzfeldt et al. reported that
miR-122 might participate in regulation of the cholesterol bio-
synthetic pathway [26]. We postulate that miR-122a might
play a role in certain basic functions of the liver. The expres-
sion levels of both miR-15a and miR-144 are higher in the lung
tissue of adult chickens when compared to that of chicken em-
bryos, and are also relatively low in other tissues. Because it is
known that the chicken embryo begins to breathe using their
lungs after 19-day embryo, we propose that these two miRNAs
(miR-15a and miR144) might be related to respiratory func-
tion of lungs.Acknowledgement: The work was supported by State Major Basic
Research Development Program of China (G20000161) and Natural
Scientiﬁc Foundation of China (39725022).Appendix A. Supplementary data
Supplementary data associated with this article can be
found, in the online version, at doi:10.1016/j.febslet.2006.05.
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